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STAR I L I ZERS FOR GAP AND GAP-BASED PROPELLARTS 
I N T E R I M  REPORT 

8. U h e a t l q  and E.  Nieder 
, A t l a n t i c  Research corpora t ion  

Gainesv l l le ,  Va. 

ABST %ACT 

StabilizerIs) f o r  GLyt idy l  Azide P o l m r  (GAP)  and GAP-based ptopelIants uere evatuatd by A t l a n t i c  
Research C o r p r a t i w r  (ARC) and 9 (subcontract). The ob jec t ives  of the  program were: 1 .  t o  determine t h e  
s t a b i l i t y  o f  GAP: 2. t o  d w c w n t  the e f f e c t  of prope l lan t  ingredients an GAP s t a b i l i t y ;  a r t  3. to  d m n s t r a t e  
s t a b i l i z e r s  t h a t  hinder o r  block the m j o r  deconposit inn pathways of GAP and U P  prope l lan ts  i n o r d e r  to i n p r o w  
long term storage stabi l i ty. 

Model c- s inw la t i ng  t h e  ut ido-bear ing  frmctional units of GAP ( a z i d e  adjacent t o  po lye ther  k k b o n e ,  
az ide sd jacent t o  terminal hydroxy 1 , a d  azide adjacent t o  urethane cross* 1 ink) were nenufactured bv 3h to st*  
the thermal srd p h o t o l y t i c  d e c ~ n p o s i t i o n  pathways of GAP. Thermal s t a b i l i t y  of the at ide  group was shown t o  
be indepedent o f  t a t a t i o n  on the GAP inoleeule. 

C m p u d s  kmwn t o  des tab i l i ze  organ ic  azides ( i - e . ,  c e r t a i n  t r a n s i t i o n  metals, and prot fc  or Lewis aclds) 
were c d i n d  u i t h  GAP model c m q x f ~ d 6  and PAP prepolymer t o  sirminte the d e s t a b i l i z i n g  in f luence o f  cardidate 
prope l lan t  ingredients.  Po ten t i a l  s t a b i l i z i n g  conpounds were c m i n e d  w i t h  the "destab i l i zed GAPH mixtures  t o  
test effectiveness. S t a b i t i z e r  grnups of prmise i n c l u d d  metal s c ~ v m q t r s ,  epoxy corrpourds, a d  acid 
scavengers. 

selected s t a b i  1 i z e r s  were evaluated in eginq studies using UP-based r&d-smke end minim-wmke binder 
system (i.e,, M s o l i d  ox id i ze rs  o r  f u e l s  add&). I n e a c h  binder system, t h e e f f e c t s  o f  frmed alunina, 
Prcttech 8725, and (IER-331 were c v r e d  t o  an unstabi 1 ized (baseline) binder.  A g i n g  tests included m i a x i a l  
tensile proper t ies .  diraensional s t a b i l i t y  in 2'' cubts, of f -gassing, s t a b i l i z e r  deplet ion.  and burning rete.  
A f te r  3 mnths accelerated aging, s t a b i l i z e d  binders exhibited lower rates of n i t r ogen  off-gassing. They atso 
exh ib i t ed  more-stable t e n s i l e  and so l / ge l  propzrt les.  Tests o f  the 6-mnth accdereted-aging sanples a re  
pending . 

The thermal decmqmsit ion o f  organic azides such as GAP has h n  t a  proceed c a t a l y t i c a l l y  i n  the 
presence of c e r t a i n  t r a n s i t i o n  metel  species and protic or Lewis acids . O c c a ~ p ~ s i t i o n  i n i t i a t e s  wi th  t h t  
re lease o f  a n i t r ogen  m l e c u l e  fo l lowed by t h e  f o m t l o n  of  a h igh ly  reac t i ve  n i t r e n e - i n t e d i e t e .  The n i t r e n e  
probably rearranges t o  an imine through a 1,2 hydrogen s h i f t  (Figure 1). 

Figure 1. Deconpositian Scheme for Organic Azides 

The s tab i l i ty  o f  GAP binder i n  prope l lan t -ag ing studies has varied accord2~g t o  the to t  of GAP used. This 
v a r i a b i l i t y  my  k linked to  residual i n p v r i t i e s  frm the synthesis process . 

H i s t o r i c a l l y .  GAP has shown excel lent stabi l i ty  i n  c e r t a i n  p r o p 1  lants,  but pwr s t a b i l i t y  in others 
Poor s t a b i l i t y  i c  manifested by high rates of  n i t r ogen  of f -gassing and essoc ie ted g r a i n  f i s s u r i n g  and cracking. 
stahttity appears c tose ly  Linked t o  the chemical p r o p r t i e s  of thc  o ther  p r o p c l l m t  ingrcditnts, p a r t i c u l a r l y  
those ctntaining ac id i c  or certain t r a n s i t i o n  metal c q l e x e s .  Anmrrniun perchlorate and um#niun n i t r a t e  sre 
s e l t s  of strong acids and may con ta in  a c i d  residues. Plrrmonim n i t r a t e  may c m t a i n  p a r t i a l l y - s o l b l e  zinc, 
n i cke l ,  or c-r cmplexes used i n  phase s tab i l i za t i on .  Many prcpe l l an t  c u t  ca ta l ys t s  f o r  urethane system 
are based on solubte argano-metal l ic  conplexes. Iron-, lead-, or copper-bsed kKnirq rate catmlysts are alero 
c m l y  used. Thw, d e s t a b i l i z i n g  species a r t  present in both the W9 itseif and in Aany p r o p d t a n t  
Ingredients. E f f e c t i w  s t a b i l i z e r s  should a c t  t o  Mock decwrpos i t im  pathways in e i t he r  east. 

DISCUSSIOU OF RESULTS 

P r i o r  to the subject prog rm,  3H manufacturtd d l  cDnpounds that riarlated s z i c k - f m c t i o m l  rcgions o f  
GAP '. The regions s l rmla ted i w l - d  azides adjacent to  h d r o x y  1 end-groups, arides edjacent t o  the p l y e t h e r  
h c k b m .  and azides adjacent t o  urethane cross-Links (Figure 2). 

% work was performed lrder Cmtracr: Wo. F04611-88-C-0058 uith P h i l l i p s  Lab., EdwerdS A i r  Force Base, U. 
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Figure 2. H d e l  C a n p o d s  Simulating A z i d e  Funct:anaI Regions i n  GAP 

nodel c w s  were made ava i l ab le  t o  the program f o r  the p l r p s e  of i nves t i ga t i ng  thermal ly- induced 
decaqws i t i on  mechanisms of GAP. O f  i n t e r e s t  were the  r e l a t i v e  r a tes  of a r i de  d e c w r p s i t i ~  as a func t i on  of 
p o s i t i o n  i n  the GAP molecule a d  t he  decorposi t ion products associated w i th  spec i f i c  azide locat ions.  Model 
cmpouds  were o f  special  i n te res t  i n  the l a t t e r  case, where i t  was hoped tha t  ldenf i f  i c a t  i on  o f  d e e m s i t i o n  
p r h t s  wwld b e  made simpler by v i r t u e  of a simple and w e l l - d e f i n d  parent  cqmund. 

Thermal decrxrpasition races of the imdei c o n p o d s  and GAP were determined thrnugh measurement of n i t r ogen  
evo lu t i on  during entendd exposure a t  105 t o  125 degrees C. I n i t i a t  resu l ts  suggest4  t ha t  p rox im i t y  o f  a 
urethane group produccd fas ter  rates o f  n i t r ogen  of f -gassing. Subsequent s t d i e s  , however. showed t h i s  t o  be 
an a r t i f a c t  of the Low-mlecular-ueight urethane model. Work ,w i th  higher-molecutar-ueight urethane rnodels 
showed that  the  rare of azide decorpos i t ion  was essen t i a l l y  independent of l oca t i on  w i t h i n  the GAP nutecule. 
The decanposit ion rates of the model compounds approximated those of  GAP (see fable 11. Decotrposition ra tes  
under a i r  were stouer than under argon atmosphere. 

Tabte t .  Decomposifian Rates f o r  GAP a d  Modet Compounds 

l s n t a t i o n  and i d e n t i f i c a t i o n  o f  decorrposit ion products met u i t h  p a r t i a l  success. The u re tham model 
appears t~  d e c w s e  i n t o  dimers and t r imers of the parent compound, less the a r i d e  group. The diethoxy 
tbackbne l  model c w u n d  dec~mpased m r e  s lowly  than the urethane model t o  form a low percentage mix ture  o f  
polymeric imines or carhxamide i n  the parent cwrpound. The decmpos i t ion  r a t e  of  the a l c ~ h 0 1  model cmpound 
uas the s lowest  of the three cmpunds .  Products uere v o l a t i l e  and c w l d  not be successfully separatd from 
the parent c m p o u d .  

STABILIZER SCREENJUG I N  MWEL CmPOUMDS 

Over 30 potential  s r a b i l i z e r s  were selected from several classes of materials inc lud ing metel che la t i ng  
agents, pro ton scavengers, ard surface a c t i v e  adsorbers. C o n p a t i b i l i t y  and ef fec t iveness o f  candidates i n  WP- 
like mate r i e l s  were screened q u a l i t a t i v e l y  bas& on d i sco lo ra t i on  and of f -gass ing cha rac te r i s t i cs  o f  the 
urethane e t  t q o r a d  i n  oven s t a b i l i t y  tes ts .  Fotlowing dom-se lec t i on  o f  promising corrpaurds, candidates 
uere tested more ex tens ive ly  as t o  s t a b i t i z i n g  a b i l i t y  and e f f e c t s  an cure r a r e  and cure o f f -gass ing i n  the 
other &el compounds and i n  CAP p r e p o l m r .  The most p o s i t i v e  r e s u l t s  were obtained wi th  Protech 2725 ( a  
p r o p r i e t a r y  che la t i ng  agent from MACH I), c e r t a i n  eponies f u m d  alumina, and proton sponge. D e t a i l s  of the 
t e s t  r e s u l t s  were r e p r t e d  by Oenenholr and Mantara of 3 ~ ' .  

S T A B l L l Z E R  SCREEUIAG I N  GAP 

S t a b i l i z e r  effectiveness was i nvest iga ted i n  GAP alone, i n  unfiLItd GAP gumtocks (binder conponents only), 
ard i n  filled LAP gunstocks [ ox id i ze rs  and r a t e  rradi f iers added). Of i m i a f t  i n te res t  were the fo l lowing:  

1. s t a b i l i t y  of GAP i t s e l f  (cured end uncured); 
2. d e s t a b i l i z i n g  e f f e c t s  o f  p r o p l i a n t  i ng red ien ts / i np r r i t i c s :  
3. s t a b i l i z e r  e f f e c t s  i n  GAP w i th  des tab i l i z i ng  elemnts: 
4. s t a b i l i z e r  e f f e c t s  on GAP cure react ions.  

Results of the a b v e  invest iga t ions  are discussed below. 

therent  s t a b i l i t y  of the fwr GAP Lots ava i lab le  t o  the program a n d  t h e i r  r e t a t i v e  rates o f  curt are  
t-rired in fnble 11. GAP l o t  W61 conta in ing the lowest l eve l  of res idua l  t i n  inpurity war fuurd t o  k the 



m s t  stab le ,  and not su rp r i s i ng l y ,  exh ib i t ed  the slowest r a t t  ~f cure. The r e l a t i v e  s t a b i l i t y  o f  c u r d  and 
rrncured GAP was forad t o  be s im i l a r .  

This resu l t  Has p e r p l e x i n g  i n  l i g h t  of e a r l i e r  model c m p u n d  studies which ind ica td  the urethane reg ion 
af the GAP t o  be subs tan t i a l l y  less  s tab le  than the backbne o r  te rmina l  regions. The a d d i t i o n  of more urethane 
c ross - l i nks  t o  GAP sbauld have produced a less stable g m t o c k .  Prepara t ion  of other urethane d e l  canpDunds 
showed tha t  t he  higher-molecular-weight isocyenates produced a more s tab le  urethane model conpwnd r e l a t i v e  t o  
k t y l  isocyanate used in  t a r l i e r  model-conpound studies. 

T i n  Content Dectlwsi tion Rate (10' ~ r " 1  Cure Rate 
[ PPM) [WCD/Ht) 

I 
Uncured . Cured - -  

11391 - I  375 0.29 0.30 SO. 0 

11391-2 250 0.32 0 .27  148.6 

GAP t o t  9961. was selected f o r  gunstock and propellant aging studies. One limitation of  9961 GAP was t h e  
slow r a t e  o f  cure, uhich necessi:ared a f a i r l y  st rong catalyst system to achieve reproducible gvnstock and 
prope l lan t  cures. 

Classes of propellant ingred ients  and impur i t i es  e x p e c t d  t o  create  s t a b i l i t y p r o b l m  i n  GAP nerescreened 
i n  GAP l o t  9961. Nitrogen e v o l u t i o n  was measured f o r  GAP cmhined wi th  b 'd~stab i t i zers l l  s to red a t  105 to  125 
C. Des tab i l i z i ng  elements included i r o n  acety l  acetonate ( F e A A I ,  d i n i t r o s a l i c y l i c  a c i d  (DUSA), n i t r i c  ac id ,  
phase-stabi l  i ted  amnonim nj t r a t e  (PSAN ), n! t r a t e  esters such as TMETU, copper- lead burn ing- ra te  ca ta l ys t s  such 
as ~ C l z - 6 ,  a d  a m n i m  perchlorate (RP). The thermal s t a b i l i t y  o f  GAP l o t  9961 i n  the presence of 
des tab i l i z i ng  add i t i ves  i s  s m r i z e d  in Table 111. Soluble i r o n  [ F e u ) ,  acids,  TMETH, a d  a-iun n i t r a t e  
( p a r t i c u l a r l y  HiO-PSAU) were a l t  found t o  destabi l i r e  CLP l o t  9961. 

Table 111. A d d i t i v e  Ef fects  m GAP Lot 9961 Thermal S t a b i l i t y  

The effectiveness of candidate stabi 1 izers t a  res tore  the s t a b i l i t y  of CAP mixtures containing 
des tab i l i z i ng  elements was studied. Mix tures  o f  GAP and f e M  ( 0 . 0 5 X ) ,  H M 4  ( 0 . 5 X 1 ,  AN I20%), THETU (SOX), 
THETU/LC12-6 (50/3X),  o r  AP (40%) were tes ted f o r  n i t rogen e v o l u t i m  rates a t  storage tenperatures o f  105 t o  
125 C. Resul ts of these tests are presented i n  Table IV .  These data were conpared and then c ~ n p i l e d  as to  the 
mst e f f e c t i v e  s t a b i l i z e r  types as a f u n c t i o n  of propellant ingredient system. This c c n p i l a t i ~  i s  presented 



Table I V .  Stabilizer Effects in Rintures of U P  to t  9961 and Destabilizing A d i t i v e s  



i n  Table V. The TCIEIY/CC12-6 system wss f o v d  t o  be most d i f f i c u l t  t o  stabilirt, fol loved by TMETM alcnc. 
Owing t o  the higher l e v ~ I  o f  instability, the TMETN-based mixtures were tested m t  105 C rethtr than 125 C fo r  
the other system. PROTECH proved an effective s tab i l i ze r  in the FeM and AH systcmr, but was incapntible with 
THETN. Proton s p n g e  uas ef fect ive  i n  acidic HwOI-containing systems, k t  uas also inecnpatible with MEfU.  
F u n d  stunlnn and D E R - ~ S ~  e p x y  were p a r t i a l l y  effective in s c m  system, and ineffecf i ve  in athers. In certmin 
cases, s tab i l i ze r  blends ( i . e . ,  f d  alunina + PROTECH in  the AN-containing system) were mre effective than 
e i  thcr stebi I i z t r  nlone. 

Table v .  s m r y  o f  E f f e c t i v e  Stabilizers in  Var ious  GAP P r e p l ~ r  Systems 

PROTECH 2725 was found t o  be highly e f fec t ive  i n  certain GAP mixtures, trJr I n c ~ t i b l e  i n  the TMETU-besd 
s y s t m .  Based on recarmendat i ons f ran f . Rudy and B. Kosovsk i of MACH 1 (perswat camrmi cetionsll991). other 
PROTECH types offering inproved conpat ib i l i ty  u i t h  RONO, system were tvetuated, including 3120 a d  8725. 
PROTECU 8725 was m s t  promising. b canparism of PROTECH6 8R5 and 2725 in  v a r i w x  U P  mixtures is  rmde in 
Table V I .  PROTECH 8725 prwed as e f fec t ive  or m r e e f f e c t i v e  than PROTECH 2725 in  AP-. hM-, and FeM-containing 
s y s t m .  In the TMETY-bas4 systm,  PROTECH 8725 afforded some protection for the GAP mixture, whereas t h e  
original PRDTECH 2725 was inconpatibte ui th  GAP/nitrste ester mixtures. 

Table V I .  Caaparison of PROTECn 8725 u j th  PRDTECH 2725 



The e f f e c t  of card idate  s tab i l i ze rs  (speci f ica l ly  fund almina, DER-351, and PROTECH 8725) on the r a t e  
snd p r a l i t y  of g w t o c k  cures was evaluattd. F d  alumina ard DER-331 wcrc k n i g n  a t  concentrations o f  1- 
perccnt tbirrder percent). PROTECH 8725 prrrvcd anything krt k n i g n  w i th  a substant ia l  isocyanate demsrd ard an 
a b i l i t y  t o  scavenge appreciable concentrat ions nf the cure cata lys t ,  d i k r t y l  t i n  d i l su ra te .  A t  n o r m 1  -Ma/-OH 
cure  r a t i o s  of 0.95/1.0 and ca ta l ys t  contents of 15 t o  50 ppn OBTDL, PROTECH 5725 e f f e c t i v e l y  b loek td  the c u r t  
react ion.  Cmincd wi th  the i nhe ren t l y  slou ra te  of  cure associated with GAP l o t  W61, g m t o c k  cures uert slow 
and inconplere. tncreasing e i t h e r  the l eve l  of cure ca ta l ys t  o r  the cure r a t i o  resu l t ed  i n  g m t o c k  cure. The 
q u a t i t y  o f  gurrstock cure ( q u a t i t a t i v e  rear tests]  was buper ior  when the cata lys t  l eve l s  rather than curative 
l eve l s  were increastd.  Un l i ke  t he  - f i l l ed  gunstock systerss, f i l l e d  g m t o c k  f o r n w l a t i m  were r e l a t i v e k y  
i nsens i t i ve  t o  t he  p r t s c r r e  o f  PROTECH 8725. l n i t i a t  screening mixes o f  f i l l e d  GAP gunstocks conta in ing PROTECH 
8R5 p r w i d e d  acceptable cures a t  lower cu ra t i ve  and ca ta l ys t  cancentraticms. 

In the a h v e  studies. a 50/SG blend of  D t d r  Y-3200 8d HMDl gave s rpe r i o r  tear pr - r t i cs  over 8-3200 
a l m .  A mr l t i - fuwt imal  adduct of THXDI and THP was w e l u a t e d  and gave s i g n i f i c a n t l y  k t t e r  s t r a i n  and t ea r  
rcs is tence then e f t h t r  U-3200 or the  R - 3 Z Q O / H M I  b l w d .  Houever, the 1MXOl a&uct exh ib i t ed  a r t l a t i v e l y  slou 
r e a t t i o n  ra te ,  and i n  c d i m t  i on  u i t h  the s low-react ing  CAP Lot 9961, gave slow a r d  va r i ab le  cures. The 50/50 
b l e d  of u-3200 a r d  HMDt was se lec ted fnr subsequent aging studies. 

~ u o  b i d e r  fo r rmta t ions  were selected t o  conduct i nves t i ga t i ons  of s t a b i l i z e r  e f f e c t s  i n  unfi l l ed  M P  
g m t o c k s .  GAP p last ic ized u i t h  d i k r t y t p h t h a l a t e  (DBP) u8s selected t o  represent e Lower energy r*cd smke 
b i r d e r  (RS) ,  where "lower energy" conpares to  ether GAP binders conta in ing energet ic p ( a s t i c i z e r s .  A GAP/DBP 
b i r d e r  s t i l l  yields hioher performance than standard butadiene-based binders. GAP piast i t  ired w i t h  a 
TMETY/TEWW blend was select& t o  represent a t y p i c a l  Class 1.3 minimm-smoke bindtr (US). Table V l  l descr ihs  
t he  mix metr fx and target s t a b i l i z e r s  f o r  aging evaluations o f  the two b inder  t ~ .  

Table V I l .  S m r y  o f  Formtat ion a d  S t a b i l i z e r  Packages for Aging Studies 

Seven b i r d e r / s t a b i l i z e r  systems [ th ree reduced-smoke and four minim-smke) uerc a g d  f o r  0.4.8.12, and 
24 ueeks a t  th ree  storage t-ratures including 70, 120. and 140 or  170 degrees F ( t he  RS b i r d e r s  were sgcd 
a t  170 degrees F whi le  the HS binders were aged a t  140 degrees F) .  Lower storage t e n p e r t t u r w  i n  t h e  MS s y s t m  
were chosen t o  avoid the p o s s i b i l i t y  of mechanism s h i f t  i n  the GAP/RCMO, binder system . 

Test ing  of the m t i l k e d  gunstocks i n c l d d  uniaxial  srd dynamic tensile.  af f -gas anatyeis, c* crecking, 
gel fraction, and c ross l i nk  &nsity. 12-week test r e s u i t s  are discussed bclou. 24-week t e s t  resu l t s  ere 
pending. 

Two of the seven systenc~ t n h i b i t e d  sh i f ts  i n  uniaxial tensi l e  propcrt fes.  Ihesc were the  w t a b i  t i r e d  d 
tumd s tun inn -s tab i l i zed  redwed-smoke f o m l a t i m s .  Both f o rnu la t i ons  exh ib i t ed  higher s t r s i n ,  cqu ivn lcn t  
stress, and Lower W l u s  (see Table 8 ) .  S h i f t s  i n  t h t  u l s t a b i l i z e d  reduced smoke birder were greeter  then in 
the fumd alunina systwn. 

Three o f  the seven s y s t w  exh ib i t ed  s h i f t s  in *it terrsile p r ~ p c r t i c s  (RMSI. These w t r t  the 
mstsbi 1 ired and f w d  a l m i n a - s t a b i  l i zed  f o m l e t i o m  in the r-td smke system snd the v r s t a b i t i z c d  mininun 
smke f o r m l a t i o n .  A l l  three tarmulet ions shoucd decreasing storage d l u s  i r d i c a t i v t  of reduced crasal ink 
network. Tht fact  t h a t  rupture st ress  uas not sf fectcd suggests t ha t  theat  m y  be shorter, seewdary cross l ink  
s i t e s  that dn not c o n t r i k e  t o  the ul t i rna te  b i e r  s t r w t h .  

tuo-inch c b  crecking specimens r m l n  defect f ret .  Dimms ima l  increases ( i n d i c a t i v e  of n i t rogen  gas 
evolut lm exceeding gas mlgrat ion, which I s  a precursor t o  ssnpte f i ssur ing)  were not& between the  k s t t  ine 
and 4 mt intervats, hwever,  subsquent  8-  end 12-week intervals have seen dimensiwrat tosses back t o  the 
bast l in  dimnsions. 



Nitrogen off-gsssing date  wcre not consistent with dimmsiml sh i f ts  i n  cracking-crks. Y i t r o g m  
ewlut ion  i w e l s  wtre tow m t  L wtaks, krt i nc reas ing a t  B and 12 weeks. L e w i s  were Inkpndcnt of s f a b i l l z t r  
content i n  the rcAKed-smoke systm. In the min im-smoke systm,  the rrnstabi Liz& formula t ion  e x h i b i t 4  h f g h t r  
l c w 1 8  o f  n i t r ogen  e v o l u t i m  at tl ueeks, krt s i m i l a r  levels mftcr 12 weeks. This my indicate r stabil izer- 
driven i m t i o n  per iod.  

HWA e w ~ t n t r a t i o n s  were imni tb tcd .  The DER-331- and PROTECH 8725-stabi 1 i zed f o m u l r t i o m r  e x h i b i t 4  a lower 
t r t e  of MMA d e p l e t i m  than t h t  u n c t a b i l i z t d -  4ncl funed-alwninr-stabilized f o r m r l a t i m  (F igure  3). 
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f i g u r e  3. S t a b i l i z e r  E f f e c t s  on MNA Concentration of U n f i t l c d  Eurrstock Aginp Samples 

Stabilizer Type 

G e l - f r a c t i o n  test r c s u l t s  a r e  descr ibed in Flgurt 4. fur, reduced-smoke formulat ions exhibited e consistent 
decrease in gel - f rect inn u i t h  time. these are the m t a b i l i z c d -  4 r d  f w d - d t u n i n a + s t a b i l i z c d  formr la t ims.  
These same s h i f t s  were atso obscrvd  i n  c ross l i nk  densi ty t e s t  results.  Both sets o f  data i nd i ca te  I Loss of 
c ross l i nk  s t ruc tu re  k r t ,  bas& on m i a x i a l  t e n s i l e  properties, these changes are r e l a t i v e l y  k n i g n  rrd do mt 
apptar t o  impact u l t i m e t c  binder strength. 

STI8ICIZER EFFECTS f N  F ILLED WHSTKK AGtYG 

S t a b i l i z e r  e f f e c t s  on the ngiw pr - r t ies  o f  f i l l e d  GAP gurstocks have h e n  studied through 1 2 - m k s  
a c c e l t r ~ t c d  storage. This aginp e f f o r t  i s  cont inuing through 26 uttks. The m t r i x  o f  storage t w r a t u r e s ,  
remval  points, and tests Mere the same as the matr ix f o r  the u n f i t 1 4  gunstocks. The s ing le  vn r i ab te  change 
involvcd doping the mf i l l d  g m t o c k s  with typical prope l lan t  f i l l e r s .  Cura t ive  cmtmt, cata lyst  content,  
pJas t i c i ze r  ra t i o ,  end s t a b l l i z t r  cmtcnt were a l l  maintained a t  the seme concentrat ions used i n  the mfillcd 
gurrstocks. In t he  r-crd-smke system, 70 pcrcmt AP and 2 p r c e n t  i r o n  oxide w e r t  b l m k d  into t he  US binder.  
I n  the m i n i m - m k t  system, 50 percent PSAN (3% zinc-oxide) erd 20 percent HHX were b l e d d  i n t o  t h t  MS binder.  

In d i t i o n  t o  the ncrmal aging s q t e s  and tests,  W i t f o n e l  sanples from the RS b i r d e r  wtre a lsap rcpe rcd  
t o  c v s l w t t  h u n i d i t y  e f f e c t s  on aging p ropc r t l e r .  Sarrples o f  t h t  APl i ron  oxide-doped gumtocks were coditland 
for L w ~ k s  udrr d t s i c t a t d  cond i t iwrs  and 4 weeks in 80-grains H,O/lb dry a i r .  A t -  the c m p l e t i o n  of  t he  
cond i t i on ing  period. ssnplts were piaced in vapor-sea[ nging bags, end i n t r o d u c d  i n t o  aping. 

Through t 2  weeks accelerated aging, the f i l l e d  6AP gurrstocks have t x h l b i t c d  e generat increase Cn stress 
and modulus w i t h w t  Loss i n  s t r a i n  capabi l i f y .  l h i s  toughening e f fec t  eppaark m r e  pronomced i n  the redue&- 
smoke systcm. These data are presented in t rb l t  VIII. The twghening effect was independent of  s t e b i l i z c r  
type. Un iax ia l  t e n s i l e  data fran the 120°F storage condition exhib i ted  only minor sh i f t s  f r m  b s t l i n t  
p r v r t i t s .  This r e s u l t  suggests thnt t h t  toughening e f f e c t  was not a p s t - c u r e  ph-. 
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figure 4. Gtl-fraction Results f a r  the U n f i l l d - G u m t a c k  Aging S w p i t s  

Table V I l l .  Uniax ia l  Tensile Results for  Filled-Gumtcck A g i n g  



S m p l t s  prepartd t o  w a l u s r t  h u n i d i t y  e f f ec t s  on the aging p rope r t i es  o f  t he  rtductd swke system ere 
currently i n  accelerated aging. Four-week exposure i n  e desiccated e n v i r m t  versus four-mek exposure in 
a h u n l d i f i e d  e n v i r o m n t  was fmnd l o  have L i t t l e  or no e f f e c t  c+ reeuttant t e n s i l e  prope r t i es  i n  b e s t t i n e  
t es t i ng .  These i n t e r i m  r e s u l t s  a re  d e r a i l 4  i n  Tabtt  IX. 

l a b l e  I X .  Hunidity E f f e c t s  an Prc-aging Tens i le  P r a p r t i e s  

Stabi  1 i zer Type None F d  Alunine 

Hun id i t y  C w r d i t i o n i n g  Desic. 
Grains Grains 

70 F S t r a j n  Hax/Rup. X 20/22 

GAP l o t  PP61 i s  r c l a t i v e t y  steble, due t o  a l o w  residual  t i n  cmcent rs t ion .  Th is  type a f  h i g h  p r r i f y  GAP 
appcars t o  age wel l  i n  the presence of t y p i c a l  p rope l lan t  ingredients such as AP, i r o n  oxide, THETY, M ,  e d  
HHX. Candidate s t a b i l i z e r s ,  espec ia l l y  PROTECU 8725. have a s i g n i f i c a n t  s t a b i l i z i r t g  e f f ~ t  m GAP b i r d e r  i n  
l a b r a t o r y  studies, a d  appear b e n e f i c i a l  i n  Limited propellant aging studies. U i t h  or u i t h w r t  s t a b i l i r e r s ,  
GAP l o t  9961 y ie lds  tougher aged p rope l l an t s  (higher stress and mduiw without loss in  s t r a i n  capab i l i t y ) .  
AMitimal aging data are  needed t o  extend t h i s  data base. 

I n t e r i m  f i d i n g s  frm the program are categorized below according t o  the major program fesks 

M d e l  caiqmund studies corWcrd a t  3W showed the fat lowing: 

1. Thtrmsl deconposi t i rn of pendant el ide g r w p s  within the GAP molecule proceed i d e p d e n t t y  of aride 
locat ion .  

2. Thermal d e c q s i t i o n  i s  slower in  a i r  than i n  argon atmsphere 
3. Decorrposition products from the urethane model were different from beckbone and a lcoho l  d e c a p s i t i o n  

products, m s t l y  dimers and [rimers of the parent ccapwnd. 
L.  Structure of isocyanate cu ra t i ves  us& i n  GAP prope l lan ts  appcars t o  ef ftct t h e  stabi  I i t y  o f  the averat 1 

GAP b i d e r  ( i .e. ,  b u t y l -  vs octadecyl-isocyanate) 

S t a b i l i z e r  studies a t  3M and MC showed the fo l lowing: 

5 .  GAP s t a b i l i t y  i s  p ropo r t i ona l  t o  i t s  purity and c ~ r r e l a t e s  d i r e c t l y  w i t h  residual  t i n  contmf.  
6. Cured ard mured exhib i t  s i m i i a r  s t a b i l i t y  
7. GAP s t a b i l i t y  can be driven l a r g e l y  by prope l lan t  ingredients. with greatest  destabilization frm RWOZ 

and soluble metals l i ke  i r o n  and n i c k e l  {zinc appears r e l a r i v e l y  benign). 
0. s t a b i l i z e r s  can black the e f f e c t s  o f  des tab i l i z i ng  p r o p l i a n t  ingredients. 
9 .  S t a b i l i z e r  b l& can b m r e  e f fec t i ve  than ei ther  stabi i izer  aione. 
10. PROTECH 8725 i s  a very promising s t a b i l i z e r ,  espec ia l ly  f o r  non-nitrate es ter  system, krt disruptiam 

to  curt  k i n e t i c s  may l i m i t  i t s  usefulness. 
11. DER-331 a d  funed alunina appear less e f f e c t i v e ,  but b. not p s e  the cure k i n e t i c s  probltms. 

Aging stud ies  a t  ARC showed the fu(1owing: 

12. Aging ef fects  invotve h igher  s t ress  and/or modulus without Loss i n  p ropc l i en t  s t r a i n  c a p b i  l i t y .  
13. Aging ef fects  are  nwre pronouncd i n  the uns tab i l i zed  baseline and i n  the fund-elunina stabillrd 

fomule t ion .  
14. 4-week exposure t o  h igh  hunidity had no e f fec t  on t e n s i l e  p r o p r t i e s  o f  the AP/iron oxide fo r ru le t i on .  
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